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(57) Abstract 

The invention provides an immunogen against tetanus toxin including a peptide having a single, linear, antigenic, tetanus- 
toxin-specific epitope. The epitope is derived from the heavy chain C fragment of the toxin. In a preferred embodiment, the im- 
miinogen includes the last 20 amino acids of the toxin, including the carboxy terminus. Antibodies, including antipeptide antib- 
odies, are also provided as well as methods of vaccination. 
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Active immunization against tetanus, as well a number 
of other diseases, is routinely recommended for all members of 
the population. Typical immunization schedules begin with 
infants. The usual recommendation is four doses of tetanus 
5 toxoid vaccine by about 18 months of age with a fifth dose 
before entering school at about age 4 or 5 . Normally, the 
vaccination is repeated about every 5 to 10 years thereafter 
depending on the individual's exposure to tetanus. 

The current tetanus vaccine licensed for human and 

10 veterinary use consists of tetanus toxin which has been 

chemically inactivated and partially purified. Typically, the 
toxin is treated with formaldehyde, but alternatively it may be 
treated with glutaraldehyde to become atoxic. This product 
produces long lasting immunity, but is poorly characterized and 

15 contains impurities which can cause adverse side effects. 

Although the toxin itself is innocuous when it has been treated 
in a form suitable for use in a vaccine, contaminants or other 
components of the vaccine may cause adverse reactions. 
Because the neurotoxin is purified from lysed Clostridium 

20 tetani cells, the process is time-consuming and involves some 
risk due to the production of the bacterial cultures which 
include a potent toxin. 

Contaminants either from the lysed cells or from the 
procedure used to make the toxin atoxic can cause vaccination 

25 reactions in the individual patient. Furthermore, the 

conventional tetanus vaccines must be kept under refrigeration. 
This causes difficulties in transportation and storage which 
may be significant problems in underdeveloped regions where the 
vaccine may be most desperately needed. Recently, in the 

30 United States, the overall death rate for tetanus was about 

30%. Improved immunization status of the population can help 
decrease this mortality. 

Tetanus toxin has 1315 amino acids and is synthesized 
by C. tetani as a single polypeptide chain that is proteolyzed 

35 to yield two fragments, the light chain (LC) derived from the 
amino terminus, and the heavy chain (HC) derived from the 
carboxyl terminus. The heavy chain has a molecular weight of 
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about 100,000 and the light chain of about 50, 000. The two 
chains are linked by a single disulfide bond and noncovalent 
interactions . 

The heavy chain can be readily proteolyzed by papain 
5 and other proteases at one additional site resulting in 
formation of two fragments: the light chain linked by a 
disulfide bond to approximately one-half of the heavy chain (L- 
HC„) including the amino terminal, and the carboxyl terminal 
one-half of the heavy chain (H^) or Fragment C. Each of the 

10 three fragments of tetanus toxin appears to represent a 
functional domain necessary for different steps in 
intoxication. The LC is responsible for intoxication of target 
cells, and the fragment has been proposed to translocate 
tetanus toxin across membranes. The fragment, or Fragment 

15 C, is required for recognition of and binding to target cells. 
This fragment also retains the ability of intact tetanus toxin 
to undergo retrograde axonal transport. 

SUMMARY OF THE INVENTION 

20 The invention provides an immunogen against tetanus 

toxin comprising a peptide including linear tetanus^-toxin- ^ 
specific epitopes. These linear epitopes are derived from the 
carboxy terminus portion of the heavy chain C fragment of the 
toxin. The immunogen is competent to induce a protective 

25 immune response to the toxin in a mammal. In a preferred 

embodiment, the epitope is defined by the amino acid sequence 
DKILGCDWYFVPTDEGWTND (Seq. I.D. No. 1). A cysteine can be 
optionally incorporated at the amino terminus for conjugation 
to a carrier protein. 

30 The immunogen is preferably formulated into a vaccine 

adapted for administration to a mammal, especially a human. 
The peptide may be conjugated to a carrier protein suitable for 
use in a vaccine. Although the peptide is preferably produced 
by chemical synthesis, it could be produced by other means, 

35 such as recombinant techniques. 

Preferred peptides are provided, but the invention is 
not so limited. Substantially equivalent peptides are included 
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within the scope of the invention. An example of a 
substantially equivalent peptide is one which is capable of 
binding to an antibody raised against Seq, I.D. No. 1 and which 
comprises neither nonlinear epitopes of the tetanus toxin nor 
5 epitopes which are tetanus-toxin-specific but not recognized by 
antisera raised against Seq. I.D. No. 1. Another example is a 
peptide which induces an antibody competent to bind to the 
peptide described above and which comprises an antigenic single 
linear tetanus-toxin-specific epitope derived from the heavy 

10 chain C fragment of the toxin, but which does not induce an 
antibody which recognizes a conformational epitope on the 
tetanus toxin. 

Additionally, the invention includes a first peptide 
competent to bind to an antibody induced by a second peptide 

15 having Seq. I.D. No. 1, wherein the first peptide is not 
recognized by antibodies which recognize conformational 
epitopes of tetanus neurotoxin. 

The invention also provides a variety of antibodies. 
An example is an antibody competent to bind to a peptide 

20 comprising a linear, immunogenic, single tetanus-toxin-specific 
epitope derived from the heavy chain C fragment of the toxin 
but which does not induce an antibody which recognizes a 
conformational epitope on the tetanus toxin. "Immunogenic" in 
this context means that the peptide is competent to induce a 

25 protective immune response to the toxin in a mammal. An 

example of such a peptide is Seq. I.D. No. 1. An antibody of 
the invention may be formulated into a therapeutic suitable for 
administration to a mammal, preferably a human. The antibody 
may be produced by a variety of procedures including monoclonal 

3 0 techniques • 

Methods of vaccination are also provided. A 
preferred method includes selecting an immunogen as defined 
above. The epitope is derived from the heavy chain C fragment 
of the toxin. The immunogen is competent to induce a 

35 protective immune response to the toxin in a mammal to which 
the immunogen has been administered. The method further 
includes administering an effective amount of the immunogen to 
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the animal. The peptide of the selected immunogen preferably 
includes Seq» I.D. No. 1. The vaccine may be administered 
parenterally , usually subcutaneous ly or intramuscularly. 
Additionally, the vaccine can be adapted for oral 
5 administration. In such a case, the immunogen of the invention 
could be a component of a recombinant vaccine. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows inhibition of labelled Fragment C 
10 binding by several antibodies. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
A preferred embodiment provides an immunogen 
including a 20 amino acid peptide derived from tetanus toxin 
15 which, preferably conjugated to a carrier protein, induces 

protective immunity against tetanus toxin. This peptide has 
potential use as a tetanus vaccine or vaccine component. 

The peptides of the invention are significantly 
different from previous tetanus vaccines because they are well 
20 characterized molecules which are preferably chemically 
synthesized. Unlike the vaccines in present use, these 
peptides have potential use in recombinant vaccine vehicles, 
such as live oral vaccines. 

A preferred peptide represents the final 20 carboxyl 
25 terminal amino acids of tetanus toxin and has the following 
amino acid sequence: 

DKILGCDWYFVPTDEGWTND designated Seq. I.D. No. 1. 
Typically the peptide is conjugated to a cysteine at the amino 
terminus to facilitate conjugation to a hapten or carrier 
30 molecule such has a protein. Thus, another preferred peptide 
is represented by the following amino acid sequence: 

CDKILGCDWYFVPTDEGWTND designated Seq. I.D. No. 2. 
The linear epitope (s) of the present invention is 
Seq. I.D. No. 1. It can be presented to an immune system in a 
35 variety of known forms, some which are described below. The 
immunogen of this invention is directed to those having the 
epitope of Seq. I.D. No. 1 but not in combination with other 
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native epitopes of the tetanus neurotoxin, especially 
conformational epitopes* 

To identify the immunogens of this invention, one 
raises polyclonal antibodies specific to the tetanus neurotoxin 
5 or purchases appropriate antisera from Miles Inc., Lederle 

Laboratories, Baxter Healthcare Corp. The antisera is absorbed 
with an excess of BSA conjugated to Seq. I.D. No. 1. 
Conjugation is done according to Proc. i^atl . Acad. Sai» 
78:3403-3407 (1981) . 

10 The absorbed sera is thus used to test the capacity 

of the immunogens of this invention. Immunogens of this 
invention will not react with the crossreacted sera. 
Alternatively, one can use competitive immunoassays to 
establish whether immunogens carry native neurotoxin epitopes 

15 other than those of Seq. I.D. No. 1. A polyclonal antisera is 
raised against Seq. I.D. No. 1. A second peptide representing 
a linear sequence of tetanus toxin, which does not comprise a 
nonlinear epitope of tetanus toxin, that inhibits the binding 
of this antisera to Seq. I.D. No. 1 in an ELISA or 

20 immunoprecipitation reaction is an immunogen of this invention. 

The peptides of the invention can be synthesized in 
solid or liquid phase as is known in the art. The peptide can 
be synthesized at different substitution levels. The synthesis 
may follow a stepwise format or a coupling approach. The 

25 stepwise method includes condensing an amino acid to the 
terminal amino group sequentially and individually. The 
coupling, or segment condensation, approach involves coupling 
fragments divided into several groups to the terminal amino 
acid. Synthetic methods include azide, chloride, acid 

30 anhydride, mixed anhydride, active ester. Woodward reagent K, 
and carbodiimidazole processes as well as oxidation-reduction 
and other processes. These processes apply to both solid and 
liquid phase synthesis. 

Preferably the peptides are synthesized in the solid 

35 phase using a commercial polyacrylamide resin as an insoluble 
carrier. Usually the C terminal amino acid is bound to the 
insoluble carrier at its carboxyl group. Examples of such 



BNSDOCID: <WO ^9400487A1J_> 



wo 94/00487 



PCT/US93/06175 



7 

insoluble carriers include halo-genome thy 1 resins such as 
chlorometihy 1-polystyrene-diviny Ibenezene polymer , bromometihyl 
resin ^ hydroxymethyl resins ^ phenol resins, tert-alkyloxy 
carbonylhydrazidated resins, and crosslinked poly-N-acrylyl- 
5 pyrrolidine resins or other equivalent resin supports • 

The reactive functional groups in the amino acid side 
chains are protected using protector groups known in the art. 
Some examples are the trif luoro-acetyl group, the fluorenyl- 
me thoxy car bony 1 group (Fmoc) , butyl-ether and butyl-ester. The 

10 protected amino acids are activated individually with 
symmetrical anhydrides or esters such as those of 
pentaf luorophenol and p-nitrophenol or any other side-chain 
protective group. A preferred system includes a polyamide 
resin or acidic resin and f luorenyl-methoxycarbonyl or tert- 

15 butyloxycarbonyl (Boc) as an a-amino group protector (the Fmoc- 
polyamide system) or equivalent system. 

The peptide is removed from the resin, generally 
using an aqueous solution of trif luoroacetic acid (TFA) at room 
temperature (about 2 0-2 5 ^'C) for sufficient time to remove 

20 certain of the protector groups, such as the butyl-ether and 
butyl-ester, but not the trif luoro-acetyl group. TFA is used 
for Fmoc synthesis, hydrofluoric acid (HF) or trif looromethone 
sulfonic acid (TFMSA) or an equivalent is used for Boc. This 
step also removes remaining protective group. This results in 

25 peptides in which the N-terminal group is available for 
conjugation with a hapten or carrier molecule. 

The peptides are usually purified by a method such as 
gel filtration chromatography or high pressure liquid 
chromatography. For more information about peptide synthesis, 

3 0 see generally Stewart & Young, Solid Phase Peptide Synthesis, 
Pierce Chemical Company, Rockford, 111 (1984) . The above 
description is illustrative of current methods of peptide 
synthesis, but these methods are constantly changing. Other 
means of peptide synthesis would be applicable to synthesis of 

3 5 peptides of the invention. 

There are a number of strategies for amplifying an 
immunogen's effectiveness, particularly as related to the art 
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of vaccines. For example, cyclization or circular ization of a 
peptide can increase the peptide's antigenic and immunogenic 
potency* See U.S. Patent No. 5,001,049 which is incorporated by ^ 
reference herein. 

5 More conventionally, an antigen can be conjugated to . 

a suitable carrier, usually a protein molecule. This procedure 
has several facets. It can allow multiple copies of an 
antigen, such as a peptide, to be conjugated to a single larger 
carrier molecule. Additionally, the carrier may possess 

10 properties which facilitate transport, binding, absorption or 
transfer of the antigen. 

For parenteral administration, such as subcutaneous 
injection, examples of suitable carriers are the tetanus 
toxoid, the diphtheria toxoid, serum albumin and lamprey, or 

15 keyhole limpet, hemocyanin because they provide the resultant 
conjugate with minimum genetic restriction. Conjugates 
including these universal carriers can function as T cell clone 
activators in individuals having very different gene sets. 

The conjugation between a peptide and a carrier can 

20 be accomplished using one of the methods known in the art. 
Specifically, the conjugation can use bifunctional cross-- 
linkers as binding agents as detailed, for example, by Means 
and Feeney, "A recent review of protein modification 
techniques" Bioconjugate Chem. 1:2-12 (1990). 

25 The immunogen may be combined or mixed with various 

solutions and other compounds as is known in the art. For 
example, it may be administered in water, saline or buffered 
vehicles with or without various adjuvants or immunodiluting 
agents. Examples of such adjuvants or agents include aluminum 

3 0 hydroxide, aluminum phosphate, aluminum potassium sulfate 

(alum) , beryllium sulfate, silica, kaolin, carbon, water-in-oil 
emulsions, oil-in-water emulsions, muramyl dipeptide, bacterial 
endotoxin, lipid X, Corynebacterium parvum (Propionobacterium 
acnes) , Bordetella pertussis, polyribonucleotides, sodium 

35 alginate, lanolin, lysolecithin, vitamin A, saponin, liposomes, 
levamisole, DEAE-dextran, blocked copolymers or other synthetic 
adjuvants. Such adjuvants are available commercially from 
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various sources, for example, Merck Adjuvant 65 (Merck and 
Company, Inc., Rahway, N.J.) or Freund's Incomplete Adjuvant 
and Complete Adjuvant (Difco Laboratories, Detroit, Michigan) . 
Other suitable adjuvants are Amphigen (oil-in-water) , 
5 Alhydrogel (aluminum hydroxide) , or a mixture of Amphigen and 
Alhydrogel. Only aluminum is approved for human use. 

The proportion of immunogen and adjuvant can be 
varied over a broad range so long as both are present in 
effective amounts. For example, aluminum hydroxide can be 

10 present in an amount of about 0.5% of the vaccine mixture (AI2O3 
basis) . On a per-dose basis, the amount of the immunogen can 
range from about 5 fig to about 100 ^tg protein per patient. A 
preferable range is from about 20 iig to about 40 fxg per dose. 
A suitable dose size is about 0.5 ml. Accordingly, a dose for 

15 intramuscular injection, for example, would comprise 0.5 ml 

containing 20 fig of immunogen in admixture with 0.5% aluminum 
hydroxide . 

Conveniently, the vaccines are formulated to contain 
a final concentration of immunogen in the range of from 0.2 to 

20 200 Mg/ml, preferably 5 to 50 fig/ml, most preferably 15 /ig/ml. 
After formulation, the vaccine may be incorporated into a 
sterile container which is then sealed and stored at a low 
temperature, for example 4**C, or it may be f reeze-dried. 
Lyophilization permits long-term storage in a stabilized form. 

25 The vaccines may be administered by any conventional 

method for the administration of vaccines including oral and 
parenteral (e.g., subcutaneous or intramuscular) injection. 
The treatment may consist of a single dose of vaccine or a 
plurality of doses over a period of time. The immunogen of the 

30 invention can be combined with appropriate doses of compounds 
including other epitopes of the tetanus toxin. Also, the 
immunogen could be a component of a recombinant vaccine which 
could be adaptable for oral administration. 

Vaccines of the invention may be combined with other 

35 vaccines for other diseases to produce multivalent vaccines. A 
pharmaceutical ly effective amount of the immunogen can be 
employed with a pharmaceutical ly acceptable carrier such as a 
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protein or diluent useful for the vaccination of mammals, 
particularly humans. Other vaccines may be prepared according 
to methods well-known to those skilled in the art. 

Those of skill will readily recognize that it is only 
5 necessary to expose a mammal to appropriate epitopes in order 
to elicit effective immunoprotection. The epitopes are 
typically segments of amino acids which are a small portion of 
the whole protein. Using recombinant genetics, it is simple 
and routine to alter a natural protein's primary structure to 

10 create derivatives embracing epitopes that are identical to or 
substantially the same as (immunologically equivalent) the 
naturally occurring epitopes. Such derivatives may include 
peptide fragments, amino acid substitutions, amino acid 
deletions and amino acid additions within the natural amino 

15 acid sequence for the neurotoxin. For example, it is known in 
the protein art that certain amino acid residues can be 
substituted with amino acids of similar size and polarity 
without an undue effect upon the biological activity of the 
protein. 

20 The following examples are for illustration only and 

are not intended to limit the invention in any way. 

Examples 

Example l: Synthesis of peptide and KLH-conjugation 

25 The published sequence of tetanus toxin (Eisel et 

al., EMBO Journal [1986] 5:2495-2502) was used to design a 
peptide with the sequence DKILGCDWYFVPTDEGWTND - The peptide 
was synthesized on a Applied Biosystems 4 3 OA peptide 
synthesizer according to the manufacturer's instructions. This 
30 peptide corresponds to the carboxyl terminal 20 amino acids of 
tetanus toxin (amino acid residues 1219-1315 of the toxin and 
residues 4 3 8-4 58 of H^) prepared in vitro. A cysteine was 
incorporated at the amino terminus for conjugation to a carrier 
protein. 

35 After synthesis, the peptide was conjugated to 

Keyhole limpet hemocyanin (KLH) using the cross-linker m- 
maleimidobenzoyl-N-hydroxysulf osuccinimide ester (Sulfo-MBS) . 
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Conjugation was performed by dissolving the KLH (10 mg) in 1 ml 
of 0.1 M NaHjjOg, and adding this solution to a vial containing 5 
mg of Sulfo-MBS. The mixture was reacted at room temperature 
for 15 minutes^ and then added to a second vial containing 10 
5 mg of the peptide. This mixture was stirred at room 

temperature for three hours, dialyzed against 0.5% acetic acid 
overnight, and lyophilized. 

Example 2: Anti-peptide-KLH production 

10 The peptide-KLH conjugate was used to immunize 

rabbits by dissolving about 1 mg total protein in 1 ml of 
physiological saline, and emulsifying this with 1 ml of 
complete Freund's adjuvant. This mixture was injected into a 
rabbit at 4 subcutaneous sites. The rabbit was boosted with 
15 the same amount of peptide emulsified with incomplete Freund's 
adjuvant eight weeks later. Three weeks after boosting, 
approximately 2 5 ml of sera were collected from the rabbit via 
the ear vein. 

Antibodies reactive with tetanus toxin were affinity 
20 purified by passing the sera over a tetanus toxoid-Sepharose 
affinity column constructed with tetanus toxoid and CNBr- 
activated Sepharose 4B (Pharmacia-LKB) according to the 
instructions of the manufacturer. Approximately 2.5 mg of 
tetanus toxoid was used per ml of activated gel. 
25 The affinity-purified antibodies were tested for 

tetanus toxin neutralizing potency in the mouse neutralization 
assay. The purified antibody was found to have a potency of 
6.4 U/mg protein. 

30 Example 3: Synthesis of peptide and BSA-con junction 

A peptide corresponding to amino acids 1219-1315 of 
tetanus toxin was synthesized as described in Example 1 and 
coupled to bovine serum albumin (BSA) as described in Example 1 
for KLH conjugation. 

35 A cysteine was incorporated at the amino terminus for 

conjugation to a carrier protein. The peptide-BSA conjugate 
was prepared by dissolving 10 mg of bovine serum albumin (BSA) 
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in 1.0 ml of 0.1 M NaHgOa, pH 8.0, and transferring this mixture 
to a vial containing 5 mg of in-Maleimidobenzoyl-N-hydroxy 
sulf osuccinimide ester (Sulfo-MBS, Pierce, Rockford, IL) • This 
mixture was incubated at room temperature for 15 minutes, 10 mg 
5 of peptide were added, and the incubation continued, with 
stirring, for an additional 3 hours. The conjugate was 
dialyzed against PBS, and stored at -20 *€• 

Example 4: Anti-peptide-BSA antibody production 

10 A rabbit was immunized subcutaneous ly with -100 ^g of 

peptide-BSA conjugate in complete Freund's adjuvant and boosted 
3 and 6 weeks later with the same quantity in incomplete 
Freund's adjuvant. The rabbit was bled three weeks after the 
second boost, and antibodies specific for the immunizing 
15 peptide were purified by passing the serum over an affinity 
column as described in Example 2 . 

Example 5: Anti-peptide antibody characterization 

A polyclonal antibody against the fragment was 

20 produced and purified using methods similar to Example 4. 
Monoclonal antibody 18.1.7 (MoAb 1817), which inhibits the 
binding of tetanus toxin and to gangliosides and neuronal 
cells, was produced as described by Kenimer, J. G. , et al., 
"Monoclonal antibodies as probes of tetanus toxin structure and 

25 function". Infect. Immun. 42:942-948 (1983). 

An antibody was raised against the synthetic peptide 
corresponding to amino acids 1295-1315 (anti-1295-1315) of the 
tetanus toxin to help determine if this region interacts 
directly with ganglioside. Ganglioside GTlb was purchased from 

3 0 Matreya, Inc. (Pleasant Gap, PA) . Fragment C was purchased 

from Calbiochem-Behring, La Jolla, California. Anti-1295-1315 
inhibited the binding of [^^^IJ-H^ fragment to ganglioside 
coated microtiter plates in a concentration-dependent manner 
(Figure 1) . Both polyclonal antisera and a monoclonal antibody 

3 5 against H^n fragment also inhibited binding. 

Anti-1295-1315 also blocked the lethal effect of 
tetanus toxin in a mouse protection assay. In this assay, the 
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anti-peptide antibody had a potency of -6.4U mg purified 
antibody. In the same assay, a polyclonal antibody against 
purified by similar techniques had a potency of -20U/mg 
purified antibody . 



Fragment C to gangliosides in a concentration-dependent manner. 
. These data suggest that the carboxy terminal region of tetanus 
toxin is required for receptor recognition^ either as a 
component of the ganglioside recognition site or as a domain 
10 necessary for retention of a functional confirmation. 



Anti-1295-1315 inhibited the binding of [^"l]- 
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SEQUENCE LISTING 



(i) 
(ii) 

(iii) 
(iv) 



(V) 



(vi) 
(v±±l) 
(ix) 



:AL INFORMATION: 

APPLICANT: Halpern, Jane 

TITLE OF INVENTION: Peptide Which Produces Proctective 

Immunity Against Tetanus 

NUMBER OF SEQUENCES: 2 

CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Townsend and Townsend 

(B) STREET: One Market Plaza, Steuart Tower, Suite 2000 

(C) CITY: San Farncisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94105 

COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS -DOS 

(D) SOFTWARE: Patentin Release #1,0, Version #1.25 

CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Weber, Kenneth A. 

(B) REGISTRATION NUMBER: 31,677 

(C) REFERENCE/DOCKET NUMBER: 15280-49 

TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415-543-9600 

(B) TELEFAX: 415-543-5043 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE. TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Asp Lys lie Leu Gly Cys Asp Trp Tyr Phe Val Pro Thr Asp Glu Gly 
15 10 15 

Trp Thr Asn Asp 
20 
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(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
Cys Asp Lys lie Leu Gly Cys Asp Trp Tyr Phe Val Pro Thr Asp Glu 



1 



5 



10 



15 



Gly Trp Thr Asn Asp 
20 
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WHAT IS CLAIMED IS ; 

1. An immiinogen for providing iimunoprot action 
against tetanus toxin comprising: 
5 a peptide having at least one tetanus-toxin-specific 

linear epitope, 

said epitope derived from the heavy chain C fragment 
of the toxin, recognized by antisera raised against Seq. I.D. 
No. 1 and competent to induce a protective immune response to 
10 the toxin in a mammal, 

with the proviso that the tetanus-toxin-specific 
epitope is limited to those epitopes recognized by the 
antisera. 

15 2. The immunogen of claim 1 wherein the epitope is 

defined by the amino acid sequence Seq. I.D. No, 1 
DKILGCDWYFVPTDEGWTND . 

3 . The immunogen of claim 1 formulated into a 
20 vaccine adapted for administration to a mammal. 

4. The immunogen of claim 1 wherein the peptide is 
chemically synthesized. 

25 5. The immunogen of claim 1 wherein the peptide is 

conjugated to a carrier protein suitable for administration to 
a mammal. 

6. The immunogen of claim 5 wherein the carrier 

3 0 protein is selected from a group consisting of albumin, lamprey 
hemocyanin, and diphtheria toxoid. 

7. The immunogen of claim l wherein the peptide is 
conjugated to a cysteine at the peptide's amino terminal end. 



35 



8. A first peptide which induces an antibody 
competent to bind to a second peptide, 
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said second peptide comprising at least one tetanus- 
toxin-specific linear epitope, 

said epitope derived from the heavy chain C fragment » 
of tetanus toxin, recognized by antisera raised against Seq. 
5 l.D. No. 1 and competent to induce a protective immune response 
to the toxin in a mammal, 

wherein the first peptide has no epitope specific to 
a conformational epitope on the tetanus toxin and cannot induce 
an antibody which recognizes a conformational epitope on said 
10 tetanus toxin. 

9. The first peptide of claim 8 wherein the second 
peptide is selected from the group consisting of Seq. l.D. No. 
1 DKILGCDWYFVPTDEGWTND and Seq. l.D. No. 2 

15 CDKILGCDWYFVPTDEGWTND . 

10. An antibody which recognizes the tetanus-toxin- 
specific linear epitope having the sequence 

DKILGCDWYFVPTDEGWTND Wherein said antibody does not bind to a 
20 conformational epitope on the tetanus toxin. 

11. The antibody of claim 10 wherein the epitope is 
chemically synthesized. 

25 12. The antibody of claim 10 formulated into a 

therapeutic composition suitable for administration to a 
mammal • 

13 . The antibody of claim 12 wherein the composition 
3 0 is adapted for parenteral administration. 

14 . The antibody of claim 10 wherein the antibody is 
monoclonal . 

35 15. A method of vaccinating a mammal against a 

tetanus toxin comprising: 
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a. selecting an iimnunogen against: tetianus 'boxin 
comprising a peptide having at least one tetanus-toxin-specific 
linear epitope, 

said epitope derived from the heavy chain C 
5 fragment of the toxin, recognized by antisera raised against 
Seq. I.D. No. 1 and competent to induce a protective immune 
response to the toxin in a mammal to which the immunogen has 
been administered, 

with the proviso that the tetanus-toxin-specific 
10 epitope is limited to those epitopes recognized by the 
antisera; and 

b. administering an effective amount of the 
immunogen to the animal. 

15 16. The method of claim 15 wherein the peptide is 

selected from the group consisting of DKILGCDWYFVPTDEGWTND and 
CDKILGCDWYFVPTDEGWTND . 

17. The method of claim 15 wherein the peptide is 
20 chemically synthesized. 



18. The method of claim 15 wherein the 
administration is parenteral. 



25 19. A method for manufacturing a vaccine against 

tetanus toxin comprising an immunogen including a peptide 
comprising at least one tetanus-toxin-specific linear epitope, 

said epitope being derived from the heavy chain C 
fragment of the toxin and recognized by antisera raised against 
30 Seq. I.D. No. 1, 

said immunogen being competent to induce a protective 
immune response to the toxin in a mammal 

with the proviso that the tetanus-toxin-specific 
epitope is limited to those epitopes recognized by the 
3 5 antisera, said method comprising: 

a. producing the immunogen; and 
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b. formulating the immunogen with pharmaceutically 
acceptable excipients* 

20. The method of claim 19 wherein the peptide is 
5 selected from the group consisting of Seq. I.D. No, 1 

DKILGCDWYFVPTDEGWTND and Seq. I.D* No. 2 CDKILGCDWYFVPTDEGWTND . 
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